Objective: To evaluate a partner notification program for gonorrhea and chlamydial infection that involves communitywide access to free patient-delivered partner therapy (PDPT) and use of case-report forms to triage patients to receive partner notification assistance.
PARTNER NOTIFICATION AND TREATMENT are mainstays of public health efforts to control bacterial sexually transmitted infections (STIs). In North America and parts of Europe, health department staff sometimes interview persons with STIs to facilitate their partners' treatment. However, existing resources are insufficient to provide public health partner notification services to all persons with gonorrhea or chlamydial infection in the United States, and fewer than 20% of cases reported in high morbidity areas are interviewed by public health workers. 1 Dissatisfaction with the effectiveness of current approaches to partner notification coupled with the limited resources available to promote the activity prompted the US Institute of Medicine to advocate a fundamental redesign of partner notification services for STI. 2 Expedited partner therapy (EPT), the practice of treating sex partners of persons with STIs without requiring the partners' prior clinical evaluation, is an alternative to traditional partner notification. In most instances, EPT includes patient-delivered partner therapy (PDPT), i.e., providing patients with medication to give to their sex partners. Approximately half of United States physicians sometimes use PDPT, but most do so infrequently. [3] [4] [5] [6] [7] Three randomized controlled trials and 2 observational studies conducted in persons with gonorrhea or chlamydial infection have all found EPT to be equivalent or superior in assuring partner treatment to the more standard practice of asking patients to refer their partners for care. 8 -13 Starting in 1998, our health department initiated a program using EPT as part of a randomized controlled trial. 11, 14 The results of that trial, our experience with EPT, and the need to improve the efficiency and scope of our public health partner notification efforts prompted us to develop a new, population-based partner notification program. In this paper, we describe and evaluate that program.
Methods
Beginning in 2004, Public Health-Seattle & King County (PHSKC) initiated a new partner notification program for gonorrhea and chlamydial infection. This program involved 2 central components: (1) promotion of routine use of PDPT by clinicians treating heterosexuals with gonorrhea or chlamydial infection, including provision of free medication to all clinicians for use as PDPT; and (2) case report form-based triage of health department partner notification services. PHSKC does not encourage the routine use of PDPT among men who have sex with men (MSM) because of the relatively high prevalence of undiagnosed HIV among MSM seeking medical evaluation following exposure to gonorrhea or chlamydial infection, and because little data exist on the efficacy of PDPT in MSM. 15 already been treated. The form recommended that the clinician refer patients to the health department if any of the following factors were present: (1) patient had Ͼ1 sex partner in the preceding 60 days; (2) patient had a sex partner that (s)he does not plan to have sex with again; (3) the patient is unwilling or unable to contact a partner; or (4) the patient is a MSM. (We previously identified the first 2 factors as independent predictors of failure of persons with gonorrhea or chlamydial infection to notify partners. 14 ) The form included instructions on how to obtain free PDPT.
A computer randomly selected cases for interview as they there entered into an electronic case registry and partner notification database. The proportion of cases selected varied over the course of the study period to maximize staff productivity without adding new staff. Overall, 70% of gonorrhea cases and 42% of chlamydial cases were randomly selected. (Gonorrhea cases were oversampled to assure adequate numbers for analysis.) Cases for which partner notification assistance was requested and all randomly selected cases were randomly assigned to one of 2 staff members for interview. Interviewers were blinded to whether providers requested partner notification assistance. PHSKC did not contact persons reported with STIs without the prior permission of the reporting clinician.
Case Interviews and Provision of EPT by PHSKC Staff
When contacted, index patients were interviewed about their sex partners during the 60 days preceding their STI testing. Persons reporting no partners during that period were questioned about their most recent partner. Index patients were offered PDPT for up to 3 partners and were offered assistance contacting partners they did not wish to notify themselves. With the exception of persons who reported drug allergies to standard therapies, staff offered all partners they contacted free medications available at commercial pharmacies. Staff advised partners to seek medical evaluation at the PSHKC STD Clinic or at another clinical venue. All packets included a single 1 g dose of azithromycin powder. Packets for the partners of persons with gonorrhea also contained either 400 mg of cefixime or 400 mg of cefpodoxime. We have previously described details related to the distribution of medications. 11, 14 
Evaluation and Statistical Methods
We evaluated the performance of our new case-report form, use of PDPT, and the proportion of persons with untreated partners using the sample of randomly selected cases described above (Fig. 1) . To assess trends in clinicians' use of PDPT, we compared the proportion of cases in the sample that received PDPT from their diagnosing clinician with the reported use of PDPT in a convenience sample of 5219 persons reported to PHSKC with gonorrhea or chlamydial infection between 1998 and 2003. The 1998 -2003 sample was interviewed as part of a randomized controlled trial 11, 14 and reflects clinicians' use of PDPT before the trial intervention.
Following an initial interview during which cases were offered PDPT, we attempted to reinterview all persons who reported either of the 2 previously cited independent predictors of having untreated partners (Ͼ1 sex partner in the 60 days before diagnosis, or a sex partner with whom they did not intend to have sex in the future). We regarded a partner as treated if (s)he met any of the following criteria: (1) index case reported that the partner was treated; (2) PHSKC prescribed PDPT for the partner and the index patient received a partner packet and reported giving it to the partner; (3) staff directly spoke to the partner who stated (s)he had been treated or had received a partner packet; or (4) PHSKC prescribed PDPT for the partner, the index patient retrieved a partner packet from a pharmacy, and the index patient did not meet our criteria for reinterview. In a previous study, 11 we found that 224 (96%) of 234 persons meeting these criteria reported that they were certain their partner was treated [unpublished data]. We classified partner(s) who did meet these criteria as untreated.
We performed bivariate tests of association using 2 and logistic regression and multivariate analysis using logistic regression. Because we oversampled cases of gonorrhea and because the sample of interviewed persons differed from the randomly selected sample, we weighted estimates of the proportion of partners receiving PDPT and the proportion with untreated partners at time of initial partner notification interview. Specifically, we used logistic regression to predict the probability that a case in the randomly selected sample was interviewed as a function of age, gender, STI, type of diagnosing facility, and mechanism of case reporting and case report partner notification plan. The weights were then set proportional to the inverse of these predicted probabilities. We also used these weights in analyses evaluating factors associated with providers' use of PDPT and with having untreated partners ( Table 2) .
To estimate the population-level impact of the program, we first estimated the proportion of cases with no untreated partners under a program of PDPT but without additional public health intervention. This estimate was defined using the observed proportion in persons interviewed Ͼ7 days after their treatment in the 2004 -2005 random interview sample, weighted for nonresponse and oversampling of gonorrhea cases. This is the middle bar in Figure  2 . We then estimated the impact of improved partner notification by providers, including increased provider use of PDPT, on the proportion of persons with untreated partners by comparing the 1998 -2003 and the 2004 -2005 samples. To do this, we combined the 2 datasets and fit a logistic regression with "any untreated partner" as the outcome and gender, age, STI, type of diagnosing facility, and sample time period as covariates for persons interviewed Ͼ7 days after their treatment. We combined the (adjusted) odds ratio for cohort time period from this regression with the middle bar in Figure 2 to produce the first bar in Figure 2 . Finally, we estimated the additional effect of the public health intervention as (1) the difference between the proportion of partners treated at 
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Ͼ7 days after treatment and the final proportion of partners treated among cases who were interviewed; and (2) zero in cases who were not interviewed. Statistical analyses were performed using the SAS system and Stata version 9.
Results

Study Population
Between May 2004 and August 2005, King County clinicians reported 10,791 cases of gonorrhea or genital chlamydial infection. Analysis of the new partner notification system excluded 2715 cases (25%) for the following reasons: incarceration (n ϭ 724), men who have sex with men (n ϭ 1229), residency outside of King County (n ϭ 348), inability to speak English (n ϭ 248), case reported Ͼ30 days after treatment (n ϭ 52), sexual assault (n ϭ 28), age Ͻ14 (n ϭ 16), and other reasons (n ϭ 70).
Of the remaining 8076 cases, 3747 (46%) were randomly selected for interview. Reporting clinicians granted PHSKC permission to contact 2812 (75%) of these cases, of whom 2165 (58% of total) were contacted, and 1757 (47% of total) agreed to be interviewed. Table 1 summarizes the characteristics of interviewed and not interviewed cases. In multivariate analysis comparing interviewed persons to those who were not interviewed, interviewees were significantly younger, more often had chlamydial infection alone, and were more often female. The 2 groups also differed significantly in the distribution of the partner notification plans indicated by providers and case-reporting mechanism.
Case Report Form Categorization of Partner Notification Plans
Clinicians used the new case report form to report 1049 interviewed persons who were part of the random sample (Table 2) . On bivariate analysis comparing index cases for whom clinicians requested partner notification assistance to those for whom it was not requested (excluding persons for whom no partner notification plan was indicated), cases triaged to receive health department assistance were significantly more likely to have multiple partners or partners with whom they did not plan to have sex again (OR 2.4, 95% CI 1.8 -3.1). These persons were also significantly more likely to have untreated partners (OR 6.0, 95% CI 4.5-8.0), to accept PDPT from the health department (OR 3.3, 95% CI 2.4 -4.7), and to request that health department staff notify a partner for them (OR 3.5 95% CI 1.8 -6.7); they were significantly less likely to have received PDPT from their diagnosing provider before their partner notification interview (OR 0.11, 95% CI 0.07-0.16).
Providers' Use of PDPT and the Percentage of Persons With Untreated Sex Partners Before Interview
Overall, 16% of all patients received PDPT from their diagnosing clinician (Table 3 ). In the multivariate model, provision of PDPT by diagnosing clinicians was more common for female index patients, in family planning clinics and the STD clinic, and when providers indicated on the case report form that all partners had already been treated or that the provider planned to arrange partner notification themselves. Providers used PDPT significantly less often with patients diagnosed in emergency rooms and with patients who met criteria for referral to the health department for partner notification assistance. The percentage of cases with untreated sex partners decreased with longer intervals between the date of index patient treatment and the date of their initial partner notification interview; at intervals of 0, 1 to 4, 5 to 7, 8 to 13, and Ն14 days, 88%, 71%, 51%, 45%, and 47% reported having at least 1 untreated partner, respectively. In multivariate analysis restricted to persons interviewed Ͼ7 days after treatment, reporting an untreated partner was significantly associated with patient age Ͻ20 years, having one of the 2 risk factors for partner notification failure indicated on the case-report form, and with not receiving PDPT from a diagnosing provider (Table 3) . Cases were less likely to report having untreated partners if the case report form indicated either that they had no untreated partners or that the diagnosing provider would manage partner notification themselves.
Trends in the Use of PDPT and Number of Persons With Untreated Partners
To assess trends in the use of PDPT and the effect of PDPT on the proportion of persons with untreated sex partners, we com- 
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PHSKC staff contacted and interviewed 2396 (30%) of the 8076 nonincarcerated heterosexuals without specific exclusion criteria who had been diagnosed with gonorrhea or chlamydial infection during the evaluation period. A total of 1529 cases (64%) reported having Ն1 untreated sex partner, of whom 641 (42%) accepted PDPT to treat 695 (28%) of the 2458 untreated sex partners. Of 2458 partners classified as being untreated at time of initial interview, 1263 (51%) were subsequently treated, including 498 (72%) of the initially untreated 695 partners for whom index cases accepted PDPT. (Index patients retrieved partner packets for an additional 177 partners for whom final treatment status was unknown because of unsuccessful reinterview efforts; these persons were classified as being untreated.) A total of 167 index patients with untreated partners (11%) requested that public health staff notify 200 sex partners, of whom 136 (68%) were treated. Combining all these outcomes, we classified as treated 2461 (66%) of the total 3710 partners acknowledged by interviewed patients; partner notification efforts led to successful treatment of all potentially exposed partners of 1837 (77%) interviewed persons. Figure 2 shows the estimated increase in the proportion of cases all of whose partners were treated as a result of the partner notification program. In the absence of any public health partner notification program, we estimate that 39% of cases would have had all of their partners treated. Improved partner notification by diagnosing providers, including increased use of PDPT, increased the percentage of cases whose partners were all treated to 58%. Direct intervention by public health partner notification staff increased this proportion to 65%.
Estimated Impact of Increased PDPT and Public Health Outreach
Discussion
Building on a series of randomized trials demonstrating that EPT can improve partner notification outcomes 10 -12 as well as a study defining risk factors for partner notification failure, 14 we developed a population-based public health program for partner (40) 37 (6) 5 (8) Any untreated partner at time of public health interview 37 (28) 79 (40) 501 (76) 38 (58) Accepted PDPT from health dept.
15 (11) 28 (15) 227 (36) 18 (28) Asked for assistance notifying a partner 3 (2) 8 (4) 70 (11) 6 (9) Either given PDPT by health dept. or requested assistance notifying Ն1 partner 17 (13) 36 (18) 282 (43) 22 (34)
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EPT FOR GONORRHEA AND CHLAMYDIAL INFECTION management of persons with gonorrhea or chlamydial infection that promotes widespread use of publicly financed PDPT and utilizes provider-initiated case report forms to triage patients at high risk for partner notification failure to receive public health partner notification assistance. Evaluating the effectiveness of this program, we found that: (1) the use of PDPT by providers in King County increased almost 3-fold concurrent with implementation of the program; (2) patients who received PDPT from their provider were significantly less likely than other recently infected persons to report having untreated partners; (3) providers successfully used the modified case report form to selectively refer patients with untreated partners to public health; (4) patients referred to public health by their providers usually accepted some form of partner management assistance; and (5) the estimated percentage of persons with gonorrhea or chlamydial infection for whom all partners were treated rose from 39% to 65% concurrent with the institution of the partner notification program. Public health officials interested in replicating our approach should be aware that it requires groundwork and infrastructure. First, before initiating our program, we worked with our State Boards of Pharmacy and of Medical Quality Assurance to establish that PDPT was legal in Washington State. 15 The legal status of PDPT is uncertain in much of the United States. 16 Second, our approach to assigning cases and tracking partner notification plans required us to have a real-time electronic case registry, and to enhance laboratory-based reporting to ensure that we knew about cases near the time of diagnosis. Although many States maintain electronic case registries and receive laboratory reports, such systems are not universal, and electronic case registry databases are often disconnected from partner notification activities. Third, treating large numbers of partners requires a mechanism for distributing medications. To do this, we arranged for local pharmacy chains to distribute partner packets for public health purposes. While we are not aware of other health departments with similar arrangements, we believe this model can be replicated. Moreover, once established, this collaboration could potentially be used for other public health activities, such as vaccination and mass distribution of medications in an emergency. Finally, although some areas might adopt much of our approach by reassigning existing public health personnel to perform new functions, most areas would likely require either new funding or diversion of existing funds from other activities. Cost-effectiveness analyses suggest that EPT is probably more cost-effective than other approaches to gonorrhea and chlamydial case finding, 17 though additional research in this area is needed. Our study has several limitations. We cannot be certain that the increased use of PDPT and the other benefits that we observed were direct consequences of our intervention. However, we observed no change in the use of PDPT among providers in King County between 1998 and 2004, 3, 11 suggesting that a trend toward increased use was not ongoing before institution of our program. Also, our findings regarding the proportion of cases receiving PDPT from providers and the proportion of cases with untreated partners represent estimates. The precision of these estimates is limited by the fact that we were not able to interview everyone in our random sample, and by our inability to definitively ascertain the treatment status of all partners. We attempted to limit inaccuracies in our estimates by weighting our analyses of interviewed patients to reflect the composition of the entire random sample. However, we cannot completely eliminate the possibility that some of our findings may reflect bias for which we have not adjusted.
In conclusion, in a population-based study, we found that a public health partner notification program that promotes providers' use of publicly financed PDPT and employs case-report forms to triage selected patients to receive partner notification assistance can increase the proportion of cases of gonorrhea or chlamydial infection whose partners are treated. The cost-effectiveness of this system, its impact on the prevalence of infection in the population, approaches to further increase providers' use of PDPT, and the feasibility of widely instituting similar programs in other areas remain unknown. We are currently studying these issues in a community-level randomized trial in Washington State. However, given the failure of current partner notification efforts to assure the treatment of many patients' sex partners and the persistence of unacceptably high levels of STI morbidity in the United States and many other high-income nations, we believe our approach merits additional evaluation in other settings.
